In this study, mathematical models of air cooled condensers with circular and elliptic cross-sections were developed and performances were evaluated with artificial neural networks. Air velocity, orientation angle and ambient temperature were used as the input to the neural network structure while heat transfer rate to the air was used as the output. The data sets were generated from high fidelity, computationally inefficient expensive three dimensional computational fluid dynamics simulations. It was observed that artificial neural network model replaces computational fluid dynamics model and based on the mathematical model with artificial neural network, elliptic condensers perform better in terms of heat transfer compared to circular ones.
PHYSICAL MODEL AND MATHEMATICAL FORMULATION
The schematic representation of the physical model along with the boundary conditions is shown in Figure 1 . It is a model of an air cooled condenser with the geometrical parameters given in Table 1 . The tube surface and the wires were kept at constant temperature with non-slip boundary condition. The surface areas of the circular and elliptic condenser are assumed to be the same. Circular cylinders has radius of r, an elliptic configuration of has radius of 2r and r/2 in the major and minor axis. There are 8 cylinders per row. The gravity acts in negative y-direction and thermo-physical properties of the air were assumed to be temperature independent. The flow was assumed to be three dimensional and laminar and the variation in the density was modeled by using Boussinesq approximation which adds an additional term in the y-momentum equation. Wire pitch (mm) 4.8
Height (mm) 275
Conservation equation of mass, momentum and energy in a three dimensional Cartesian coordinate system for a laminar flow in 3D can be written in dimensional form as follows [26] , [27] :
Velocity is unidirectional and uniform and temperature is constant at the inlet for the incoming air. On the walls, no-slip boundary conditions with constant wall temperature are used. On the tube surface and wire, constant hot temperature with no-slip boundary condition was utilized. At the outlet, pressure outlet boundary condition was imposed. The governing equations along with the boundary conditions were solved by using the finite-volume method. The convective terms in the momentum and energy equations are solved using the QUICK scheme and the SIMPLE algorithm is used for velocity-pressure coupling. The resulting system of algebraic equations was solved using the Gauss-Seidel point-by-point iterative method and algebraic multigrid method.
MATHEMATICAL MODEL WITH ANN
ANNs are very promising in the approximation of complicated input-input relations and for approximating any nonlinearity up to a specified degree of accuracy [28] , [29] . They are composed of neurons which are connecting processing elements and artificial neural network structure is composed of different layers; input, hidden and output layers. The nodes in the hidden layer perform input-output transformations by utilizing various activation functions, e.g., sigmoid, tangent hyperbolic. The weights of the ANN can be adjusted in order to minimize the difference between the outputs of numerical or experimental study and outputs of the neural network for a given topology. The main steps in the modeling are: data collection from numerical simulation as the input-output to the network, choosing the network architecture, determining the number of neurons, number of hidden layers, activation function and learning algorithm. The model then should be validated for the data set that were not used in the estimation.
The output parameters were determined by using the logistic sigmoid function which is defined as:
where gn is defined as:
where u,W, N and b denote the input parameter, weight, number of hidden neurons and bias term, respectively. Among various performance parameters, mean square error (MSE) and coefficient of determination (R 2 ) are used widely. They are given as:
where y NN , y, N and y represent estimated value, simulation data, number of samples and the mean value of simulation data, respectively.
RESULTS AND DISCUSSION
The aim was to derive mathematical expressions for the heat transfer rate from the air-cooled condenser of circular and elliptic cross-sections with artificial neural networks by using the data set generated from a numerical simulation. The main parameters are velocity, orientation angle of the incoming velocity and ambient temperature. The minimum and maximum of these parameters are given in Table 2 . 5 different velocities, 4 different temperatures and 5 different orientation angels and in total 100 different data sets generated from high fidelity computational fluid dynamics simulation was provided to the neural network structure as input data. The heat transfer rate from the condenser to the air was used as the output to the neural network. Thermodynamic analysis will be performed by using the obtained model of condenser form artificial neural networks. MATLAB (2010a) Neural Network Toolbox was utilized to select the number of hidden layers, number of neurons in each layer, training algorithm and approximating function. Feed-forward network structure with one hidden layer and linear output layer was selected. The number of the neurons of ANN model 15 for circular cross-sectional condenser and 20 for elliptic cross-sectional condenser. Tangent hyperbolic sigmoid function was used as the activation function in the ANN modeling. Random data division property of MATLAB is used to select the samples for training (75 samples), validation (15 samples) and test data (15 samples). Table 3 and Table 4 demonstrate the number of samples for training, validation and testing. Network performances are represented in terms of mean squared error (MSE) values and regression R values for circular and elliptic condensers in the same table. R 2 values which are closer to 1 indicates a good fit between the numerical output data and ANN output data. Performance plot of the ANN model for circular condenser is shown in Figure 2 and as the number of epochs is increased, MSE becomes minimum. The best performance was attained at the 22th epoch. Regression plots and R values for training, validation, testing and for the whole group of samples for the circular and elliptic condenser are shown in Figure 3 and Figure 4 . It represents the correlation between output and target data and the R values of results approaches to 1. The outputs between the computational fluid dynamics simulation and artificial neural network model outputs for various values of air velocity, orientation angle and ambient temperature are represented in Table 4 for circular condenser and in Table 5 for elliptic condenser. In most case, the differences in the percentage are less than 6 % and in all cases it remains below 6.5%. By adjusting the number of neurons, number of hidden layers and by using different training algorithm this difference can be controlled. It is also possible, to introduce more data sets from high fidelity CFD computations when obtaining ANN model which will decrease the difference between the CFD and ANN predictions. It was shown that ANN can predict the heat transfer rate for the air side of the air-cooled condenser very efficiently. It can be used instead of a full high fidelity computational fluid dynamics model. As compared to the three dimensional computational fluid dynamics simulation model, mathematical model with ANN is compact and cheap. It can be directly incorporated into a thermodynamic model of a refrigeration system using this type of condenser and further performance evaluations can be made. Figure 5 demonstrates the effects of air velocity on the heat transfer for various ambient temperatures both for cylindrical and elliptic condenser. The results are obtained from artificial neural network mathematical model. As the velocity of incoming air increases, heat transfer rate enhances which is an expected result. This effect is more pronounced for the lower ambient temperatures. Elliptic condensers perform better heat transfer characteristics compared to circular ones especially in the lower ambient temperatures. Figure 6 depicts the influence of ambient temperature and orientation angle of the incoming air velocity for circular and elliptic condenser. As the ambient temperature decreases, heat transfer rate deteriorates for both cylindrical and elliptic condensers. The cooling capacity of the refrigerator is known to increase as the ambient temperature increases. As the orientation angle of the circular and elliptic condensers decreases, thermal performance deteriorates. The discrepancy between circular and elliptic condensers for various orientation angle is higher for lower ambient temperature when the heat transfer rate is higher. 
CONCLUDING REMARK
In this study, mathematical models of air cooled condensers having circular and elliptic cross-sections have been developed by using artificial neural networks. Air velocity, orientation angle and ambient temperature were the input parameters and heat transfer rate from the condenser was the output parameter to the neural network model. It was found that computationally inefficient high fidelity three dimensional computational fluid dynamics models can be replaced with effective mathematical models of artificial neural networks which are expressed in terms of weighting coefficients and input parameters. Based on the artificial neural network model, elliptic condensers were shown to have better heat transfer characteristics as compared to circular ones and the discrepancy between the heat transfer rates enhances for lower ambient temperatures and higher air velocities. Elliptic condensers perform better as compared to circular condensers especially when heat transfer rate is higher. These cheap models of air cooled condensers with artificial neural network can be directly incorporated into a thermo-dynamic model of a refrigeration system to make further performance evaluations.
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